Abstract-Background: Anteromedial temporal lobe regions, particularly the amygdala, participate in the recognition of emotions from facial expressions. The authors studied the ability of facial emotion recognition (ER) in subjects with symptomatic epilepsy, evaluating whether mesial temporal lobe damage is related to an impairment in the recognition of specific emotions and whether the onset of seizures in a critical period of life could prevent the development of ER. Methods: Groups included patients with temporal lobe epilepsy (TLE) with MRI evidence of mesial temporal sclerosis (MTS) (n ϭ 33); patients with TLE with MRI evidence of temporal lobe lesions other than MTS (n ϭ 30); and patients with extratemporal epilepsy (n ϭ 33). Healthy volunteers (n ϭ 50) served as controls. ER was tested by matching a facial expression with the name of one of the following basic emotions: happiness, sadness, fear, disgust, and anger. A face-matching task was used to control visuoperceptual abilities with face stimuli. Results: No subject showed deficits in the face-matching task. ER was impaired in patients with right MTS, especially for fearful faces. Patients presenting left MTS, right or left temporal lobe lesions other than MTS, or extratemporal seizure foci showed ER performances similar to controls. In all subjects with right TLE, the degree of emotion recognition impairment was related to age at first seizure (febrile or afebrile) and age at epilepsy onset. Conclusions: Early-onset right-sided mesial temporal lobe epilepsy is the key substrate determining a severe deficit in recognizing emotional facial expressions, especially fear.
The amygdala plays a crucial role in the elaboration and expression of the appropriate autonomic and behavioral responses to emotional relevant stimuli. [1] [2] [3] In humans, functional imaging studies demonstrated that the amygdala participates in facial expression processing. [4] [5] [6] Accordingly, lesion studies showed the importance of the amygdala and related structures of the anterior and medial temporal lobes in the recognition of emotions from visual stimuli. [7] [8] [9] [10] [11] There is evidence that subjects with bilateral amygdala damage typically fail to recognize facial expressions, especially fear. [7] [8] [9] [10] [11] In patients with temporal lobe epilepsy (TLE), the amygdala complex is one component of the temporal lobe that is often damaged, together with the hippocampus. 12, 13 The collective term mesial temporal sclerosis (MTS) was introduced to describe neuronal loss and gliosis encompassing the hippocampus, the entorhinal cortex, and the amygdala complex. [13] [14] [15] [16] Isolated amygdala damage also occurs in about 10% of patients with TLE. 17, 18 Baseline neuropsychological evaluation of patients with drug-resistant TLE is usually confined to tasks assessing language, memory, visuospatial, and executive abilities. Studies investigating emotion recognition (ER) in patients after unilateral temporal lobectomy for epilepsy treatment provided somewhat conflicting findings. [19] [20] [21] [22] More importantly, these studies cannot establish whether impaired recognition of emotions from facial expressions is related to the effects of the lobectomy per se or to the effects of the pre-existing epileptogenic lesion. Moreover, TLE is not a uniform entity and etiologic factors like the type and extension of the epileptogenic lesion and other clinical variables, particularly age at seizure onset, could play a major role in determining the quality and entity of the ER deficit. To establish whether the ER impairment is specific to subjects with TLE, patients with symptomatic epilepsies related to extratemporal seizure foci need to be tested.
This study investigated the ability of ER from facial expressions in subjects with TLE with MRI evidence of MTS. Their performance was then compared with that of epileptic subjects with other temporal or extratemporal lesions to determine whether there is a critical period of life for establishing the neural circuitry involved in ER.
Materials and methods. Patients selection.
Based on neurophysiologic and MRI findings 96 patients were selected for the study. Patients were evaluated between January 1998 and Febru-ary 2002 at the Epilepsy Monitoring Unit of Bellaria Hospital, Bologna, Italy. All subjects had drug-resistant partial epilepsy and were evaluated for possible epilepsy surgery. All were righthanded. 23 Inclusion criteria were evidence of MTS or other temporal or extratemporal lesions on MRI (i.e., patients with cryptogenic epilepsy were excluded from the study); agreement between noninvasive neurophysiologic data and MRI findings in defining the side and lobe of the epileptogenic area; and no history of psychiatric illness.
Noninvasive neurophysiologic evaluation was performed by interictal EEG recordings and prolonged video-EEG monitoring to record the patient's habitual seizures. Clinical and EEG features of the seizures were analyzed independently by two examiners to obtain an objective evaluation of ictal semiology and to define the cerebral structures involved by the epileptic activity.
MRI (1.5 Tesla) was performed in all patients to investigate temporal lobe structures in detail. The presence of MTS was evaluated qualitatively by visual inspection of MRI: atrophy (on T1-weighted sequences) and increased mesial temporal signal intensity (on T2-weighted and fluid-attenuated inversion recovery sequences) were considered markers of MTS. The MRI evaluators were blind to the ER results.
Patients were grouped as follows (table 1) :
Thirty-three subjects with TLE with MRI evidence of mesial temporal sclerosis (TLE MTS ). Thirty subjects with TLE with MRI evidence of temporal lobe lesions other than MTS (TLE LES ). Lesion etiology was lowgrade glial tumors (n ϭ 7), gangliocytoma (n ϭ 5), focal atrophy/gliosis (n ϭ 6), cavernoma (n ϭ 5), malformation of cortical development (n ϭ 3), dysembryoplastic neuroepithelial tumor (DNET) (n ϭ 2), venous angioma (n ϭ 1), or subarachnoid cyst (n ϭ 1). Structural damage to the amygdala was present in 10 subjects (right-sided in 8; left-sided in 2).
Thirty-three patients with extratemporal epilepsy (extraTLE). This group included 18 patients with frontal lobe lesions, 4 with occipital lobe lesions, 5 with parietal lobe lesions, and 6 with lesions of the sensorimotor cortex. Lesion etiology was malformation of cortical development (n ϭ 6), low-grade glial tumors (n ϭ 4), ischemic/hemorrhagic (n ϭ 4), gangliocytoma (n ϭ 4), focal atrophy/gliosis (n ϭ 7), cavernoma (n ϭ 4), DNET (n ϭ 3), or venous angioma (n ϭ 1).
Controls. Fifty right-handed 23 healthy volunteers with no history of neurologic or psychiatric illness participated as controls. Mean age was 34 years (range 18 to 63 years). Eighteen were men, 32 were women. Mean length of education was 13 years (range 8 to 19 years). Controls and patient groups were matched for age, sex, and education.
ER assessment. Pictures of facial affect, from the Ekman and Friesen series, 24 were used to prepare a task requiring subjects to match a facial expression with one of the following five basic emotions: happiness (H), sadness (S), fear (F), disgust (D), or anger (A). Five face stimuli were used for each emotion, giving a total of 25 trials. The mean percentages of correct recognition for the selected items were H ϭ 99.2%, S ϭ 95.6%, F ϭ 88.4%, D ϭ 95.6%, A ϭ 94.4% (normative data from the Pictures of Facial Affect series 24 ). To avoid mistaking fear for surprise and vice versa, faces with surprised expression and the corresponding verbal label were not included in the task because previous studies demonstrated that in both controls and neurologic patients this was the most frequent recognition error. 21, 24 Facial expressions of fear and surprise also share a number of similar features (i.e., wide eyes, raised eyebrows, opened mouth), which make these emotions perceptually difficult to discriminate.
Testing procedure. Pictures (10 ϫ 13 cm) were presented, one by one, on a sheet of paper. Verbal labels for the five facial expressions were printed under each picture and subjects were asked to select the word that best described the emotion shown in each photograph. Participants were instructed to consider all five alternatives carefully before responding. There was no time limit and no feedback was provided about performance during testing. All subjects were attentive and able to complete the test without difficulty in a single session that typically lasted from 10 to 20 minutes. During the testing procedure, the patients were monitored with a computerized video-EEG system to rule out changes in performance due to ongoing paroxysmal EEG activity.
Face recognition assessment. To control for subjects' basic visuoperceptual ability with facial stimuli, a face-matching task was used. It required selecting from a vertically arranged set of four faces with neutral expression (Ekman & Friesen series 24 ) the photograph of the stimulus face. Distractors were photographs of different persons of the same sex. Faces were seen from the same viewpoint. This task consisted of 14 trials.
Group comparison and data analysis. First, we compared ER ability across all emotional categories between control and patient groups. Then ER performances were taken into consideration as a function of the five different basic emotions. Finally, we analyzed the effect of the following clinical variables on ER ability: history of febrile convulsions (FC), age at first seizure (febrile or afebrile), age at epilepsy onset (the age at which the patient began having recurrent unprovoked seizures), and years of life with epilepsy.
Statistical computations were performed using the Statistical Package for Social Sciences (SPSS, version 8.0, Chicago, IL). To compare the recognition of emotions between the selected groups, a nonparametric statistical method (Mann-Whitney U test) was used. Level of statistical significance was adjusted for multiple comparisons with Bonferroni correction. To study the correlations with the other variables of interest that might affect task performance, we calculated Spearman rank-order correlations.
Results. Face recognition. No group differences (controls, extraTLE, TLE LES , TLE MTS ) were observed at the face-matching task. Mean percentages of correct recognition were above 95% in each group. ER. The TLE MTS group showed a lower recognition performance across all emotions (ER ϭ 81.9%) respective to controls (ER ϭ 96.6%; U ϭ 276; p Ͻ 0.001), the extraTLE group (ER ϭ 93.3%; U ϭ 297; p Ͻ 0.001), and the TLE LES group (ER ϭ 93.9%; U ϭ 231; p ϭ 0.001). Controls, extraTLE, and TLE LES did not differ in this task. The analysis of TLE MTS patients according to the side of MTS showed that only subjects with right-sided involvement were impaired in recognizing emotions from faces (figure 1) . The mean percentage of correct ER in subjects with rightsided MTS was 75.2%, whereas it was 94.1% in patients with left-sided MTS (U ϭ 19.5; p Ͻ 0.001). Patients with left MTS performed like controls.
To analyze individual differences, we assessed how many individuals in each of the extraTLE, TLE LES , and TLE MTS groups were impaired relative to controls. We computed separate CI of 2 SD (z Ͼ 2, p Ͻ 0.05; two-tailed) from the control mean. The proportion of patients of each group falling below the control CI of 2 SD was considered to provide a patient-specific index of severely impaired task performance. Patients with right-sided MTS were more likely to be impaired than patients of other groups, with 15 out of 17 subjects (88%) falling below 2 SD of the control mean (table 2) . Notably, no subject in the TLE LES group with structural damage involving the right or left amygdala was severely impaired. Four patients in the TLE LES group had impaired ER performance: two subjects had a left-sided hippocampal lesion, two subjects a right-sided temporo-polar atrophy. Of the three patients with impaired performance in the extraTLE group, two subjects had a left-sided and one a right-sided frontal lobe lesion.
Basic ER. The percentages of correct ER for prototypical examples of each emotion type were compared between controls and patient groups (extraTLE, TLE LES , right and left TLE MTS ). Figure  2 illustrates the mean percentages and SD of ER for each emotion type. Right TLE MTS group showed the worst ER performances for sadness (ER ϭ 75.2%), disgust (ER ϭ 78.8%), and fear (ER ϭ 51.7%), which was the most difficult emotion to recognize. Fear recognition was impaired respective to controls (ER ϭ 91.6%; U ϭ 94; p Ͻ 0.001) and patients with extraTLE (ER ϭ 90.3%; U ϭ 67; p Ͻ 0.001), TLE LES (ER ϭ 89.3%; U ϭ 64; p Ͻ 0.001), and left TLE MTS (ER ϭ 90.0%; U ϭ 24; p Ͻ 0.001). The recognition of sadness (U ϭ 204; p ϭ 0.006) and disgust (U ϭ 208; p ϭ 0.008) was impaired respective to controls. Controls and patients with extraTLE, TLE LES , and left TLE MTS did not differ in the recognition of any emotional category. A comparison of ER performance between patients with right-and left-sided extraTLE and right and left-sided TLE LES did not disclose any difference.
The analysis of recognition performances within each group showed that happy faces were the most accurately recognized. Happiness was better recognized than fear by controls (U ϭ 775; p Ͻ 0.001) and patients with extraTLE (U ϭ 313; p Ͻ 0.01), TLE LES (U ϭ 283; p Ͻ 0.01), left-sided TLE MTS (U ϭ 64; p ϭ 0.01), and right-sided TLE MTS (U ϭ 33; p Ͻ 0.001). No difference was found among the other four emotional categories within each group, except for right-sided TLE MTS , in which angry faces were recognized more accurately than fearful faces (U ϭ 63; p Ͻ 0.01).
Correlations with clinical variables. To assess the influence of other variables that might affect task performance, other than the presence of MTS, we grouped together all patients with right TLE (n ϭ 32) and left TLE (n ϭ 31). We examined performances across all emotional categories as a function of a positive history for FC and as a function of three continuous variables: age at first seizures (febrile or afebrile), age at epilepsy onset, and duration of epilepsy (years of life). As expected, in the left TLE group none of these variables showed any correlation with recognition performances across all emotional categories. Conversely, in the right TLE group there was a substantial negative correlation with FC (Spearman r ϭ Ϫ0.61, p Ͻ 0.01); i.e., patients without FC had better recognition performances. A positive correlation with both the age at first seizure (Spearman r ϭ 0.64, p Ͻ 0.01) and age at epilepsy onset (Spearman r ϭ 0.42, p Ͻ 0.01) was also found, indicating that earlier onset seizures led to worse recognition performances in patients with right TLE (figure 3). Duration of epilepsy per se showed no correlation with ER performance (Spearman r ϭ Ϫ0.25, p Ͼ 0.5).
Finally, we divided patients with right TLE into two subgroups-early-onset seizures (EOS) and later onset seizures (LOS)-according to the age at the first febrile or afebrile seizure, setting 5 years as the critical age. 25 Out of the 14 subjects with EOS, 10 had MTS. Out of the 18 subjects with LOS, 8 had focal damage to the right amygdala. Patients with right-sided TLE with EOS were selectively impaired in fear recognition (F ϭ 50.5%) respective to patients with right-sided TLE with LOS (F ϭ 89.0%; U ϭ 65; p Ͻ 0.001). Patients with LOS and controls did not differ in ER for any emotional category.
Discussion. This study evaluates for the first time the ability to recognize emotions from facial expressions in subjects with symptomatic drug-resistant focal epilepsies, particularly subjects with TLE. Our data show the following main findings: 1) subjects with right-sided MTS were impaired in ER at vari- ance with subjects presenting left-sided MTS or other temporal or extratemporal epileptogenic lesions; 2) subjects with right MTS were maximally impaired in the recognition of fear, and to a lesser extent in the recognition of sadness and disgust; and 3) the presence of FC and EOS strongly correlated with the severity of the ER impairment. The finding of ER deficits in patients with unilateral, right-sided MTS (with 88% of subjects falling below 2 SD of control ratings) indicates that the study of facial affect recognition abilities in patients with drug-resistant epilepsy can yield information on the localization (temporal lobe), lateralization (right hemisphere), and pathology (MTS) of the seizure focus. If this finding is confirmed on a larger sample of patients, testing the recognition of facial emotion might become a useful part of the extensive clinical and neuropsychological evaluation of patients with epilepsy. Moreover, our results clearly demonstrate that patients with right MTS and drug-resistant epilepsy may be impaired in the recognition of emotions from facial expressions before lobectomy for epilepsy treatment. Of course, this study cannot indicate precise structure-function associations within the right anteromedial temporal lobe region because the neuronal damage and dysfunction of MTS are not limited to one component of the mesiotemporal structures. [13] [14] [15] 26, 27 Therefore, the relative importance of hippocampal or amygdala damage in the determination of the observed deficit cannot be established. Conversely, our finding of normal ER performances in subjects with unilateral lesions of the right amygdala suggests that a unilateral focal damage of this subcortical region is not sufficient to cause an ER impairment for any emotional category. Hippocampal dysfunction may also be implicated in the observed impairment in the recognition of facial affect. This is consistent with data obtained by single neuron recording of the human medial temporal lobe showing that both hippocampus and amygdala participate in decoding facial expressions of emotion. 28, 29 An important question concerning the recognition of facial expression is whether a critical period of life exists for establishing the neural network that underlies this kind of ability. Our results evidence that an early insult of the right mesiotemporal structures may be crucial in causing ER deficits. Conversely, if damage (structural or functional) occurs later in life, as in our patients with right TLE and seizure onset after 5 years, no deficit is observed. These data are in contrast with the notion that an early damage could allow plastic compensation of a lesioned function. A correlation between the age at seizure onset and the recognition of emotion from faces has been reported in subjects after temporal lobectomy. 20, 22 This finding has been related to the extent of the presurgical amygdala pathology. 22 However, the good performance at the ER test by patients with extensive anatomic damage to the right temporal lobe makes it difficult to explain the effect of early lesions by larger extent of brain damage. Instead, our data suggest that if the right anteromedial temporal lobe network is disrupted by epileptic activity since early childhood, physiologic phenomena of plastic reorganization are prevented. Epilepsy strongly affects the brain's ability to undergo functional reorganization. 30 How this happens is a matter of speculation, but in principle epilepsy might affect both intra-and interhemispheric reorganization of functions. Therefore, it is tempting to speculate that during the critical period of early childhood interictal/ictal seizure activity involving the right temporal lobe might affect the development of ER ability. This is supported by the finding that the presence of right-sided MTS and a history of EOS is the main interaction leading to a severe impairment in recognizing emotions from facial expressions. Moreover, early temporal lobe damage did not affect the recognition of the different emotional categories at the same degree. Indeed, we found that subjects with right-sided MTS were disproportionately impaired in fear recognition and, to a lesser extent, in the recognition of sadness and disgust. It is unlikely that the deficit in fear recognition merely reflects an enhanced difficulty in decoding fearful faces. First, basic visuoperceptual abilities with face stimuli appeared to be unimpaired in patients with right MTS, as demonstrated by the correct execution of the face matching task. Second, even in the absence of surprised faces (a strong potential source of error), subjects with right MTS showed a severe deficit in fear recognition. Third, we found evidence that, within each group except rightsided MTS, there were not statistical differences in the recognition of fear, disgust, sadness, and anger. Conversely, these results are consistent with the hypothesis that right mesiotemporal lobe regions are primarily involved in the decoding and recognition of negative emotions or in the elaborations of facial expressions associated with withdrawal and avoidance (i.e., fear, sadness, and disgust). 20 Further support is given by the finding that patients with right unilateral temporal lobectomy fail to show a potentiated startle while viewing negative emotional pictures, in contrast to controls and patients with left temporal lobectomy. 31 This suggests that the right temporal lobe modulates fear responses while viewing emotional pictures, and is consistent with the emotional processing traditionally ascribed to the right hemisphere. 32 It should be emphasized that our data concern only facial affect recognition, a task that does not need to involve the actual experience of emotion: impairment in ER does not necessarily imply deficits in the subjective experience or in the expression of emotions, which were not investigated in this study. Nevertheless, impairment in the recognition of facial emotions could be relevant in the development of social disabilities. Indeed, the selective perception of key facial features, such as facial emotions, represents a critical function for social communication. 33, 34 
